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http://dx.doi.org/10.1016/j.jmu.2013Currently, sonography is not used routinely for the evaluation of anterior cruciate ligaments
(ACLs). The purpose of this study is to show that sonography can be used to directly evaluate
the ACL. A normal individual and a patient with a chronic left ACL tear that was not repaired
underwent magnetic resonance imaging (MRI) and sonographic examination in a 90 knee flex-
ion position. A 7e9 MHz linear ultrasound transducer was used to obtain sonographic images at
the infra-patellar region. We subsequently compared the MRI and sonographic images to define
the ACL images. We proved our hypothesis by using a Kelley to pinpoint the ACL during the ar-
throscopic examination of a knee with normal ACL. Thirty-three normal right knees in 33 indi-
viduals also received sonographic examination for confirmation of our study. The ACL appeared
as a hypoechoic band attached 11.00  1.24 mm perpendicularly inferior to the tibia plateau.
Its mean diameter was 8.30  1.46 mm.
ª 2013, Elsevier Taiwan LLC and the Chinese Taipei Society of Ultrasound in Medicine.
Open access under CC BY-NC-ND license.Introduction
The anterior cruciate ligament (ACL) is an intra-articular
structure that originates at the medial wall of the lateral
femoral condyle posteriorly and inserts into theiang Chen, Department of
, National Taiwan University
pei, Taiwan.
com (W.-S. Chen).
C and the Chinese Taipei Society
.01.002intercondylar area of the tibia. The ACL is the primary re-
straint to anterior displacement of the tibia relative to the
femur and acts as a restraint to internaleexternal rotation
[1]. The only study on the prevalence of ACL injuries in the
general population has estimated the annual incidence rate
as one injury for every 3500 people [2]. Although this injury
is uncommon in the general population, it occurs frequently
in athletics [3]. Football players sustain the greatest num-
ber of ACL injuries (53% of total), with skiers and gymnasts
also being at high risk [4,5].of Ultrasound in Medicine. Open access under CC BY-NC-ND license.
Fig. 1 Probe position for visualizing the anterior cruciate
ligament. The probe is placed above the patella tendon and
rotated about 30. The inferior part of the probe is medial to
the patella tendon and the superior part of the probe is lateral
to the patella tendon.
Normal Anterior Cruciate Ligament Sonography 17Currently, sonography is not routinely used for the
evaluation of ACLs because no easy and convenient method
to inspect the ACL directly by sonographic examination has
been proposed [6]. Although several indirect methods have
been developed for diagnosing a rupture of the ACL, only
one study has described the appearance of the ACL by ul-
trasound from the infra-patellar region directly [6,7]. The
results of this study were not widely accepted; therefore,
the aims of the present study were to show that sonographyFig. 2 Magnetic resonance imaging (MRI) and sonographic images
(A) Sagittal T2-weighted MRI of the right knee with 90
 flexion. T
(B) MRI of the ACL: 135 clockwise rotation and magnification of
a hypoechoic band in comparison with the MRI image. Arrowheadscan be used to evaluate directly the ACL and to describe
a proper method of examination.Patients and methods
This study was approved by National Taiwan University
Hospital’s institutional review board. For the general mag-
netic resonance imaging (MRI) examination, patients were
placed in the supine position with the knee extended in
order to visualize the ACL [8]. We asked the subjects to flex
their knees to 90 to provide a better window for examining
the ACL using sonography. To compare the MRI findings of
the ACL in a position similar to that used in the sonographic
examination, the individual was placed in a lateral decubi-
tus, knee flexion, and hip flexion position when undergoing
MRI examination. We first compared the MRI and sono-
graphic images to obtain ACL images. We then evaluated the
ligament in situ by using arthroscopic examination and
measured the thickness of ACL in 33 individuals by sonog-
raphy. We assumed that the right and left thickness of ACLs
are the same in the same person. For reduced technical and
recording error between right and left ACL measurement,
we only measured the thickness of the right ACL.
A 47-year-old man with normal knees and a 31-year-old
man with a chronic left ACL tear that was not repaired
underwent MRI of the knee in a position of lateral decubi-
tus, hip flexion, and knee flexion. T2-weighted sagittal
images of the ACL were obtained. These two individuals
also underwent sonographic (Siemens, Munich, Germany)
examination, including static and dynamic study. In dy-
namic study, we examined the ACLs when individualsof the anterior cruciate ligament (ACL) in a normal individual.
he decreased T2 signal ACL is within the frame (arrowheads).
the frame in (A). (C) Sonographic image of the ACL, showing
Z ACL; F Z femur; P Z patella; T Z tibia.
18 P.-T. Chen et al.internally or externally rotated their tibia. The linear
transducer (9L4, 7e9 MHz) was held parallel to the direc-
tion of the ACL and was placed at the infra-patellar region
(Fig. 1). Each subject was examined with 90 of knee flex-
ion. MRI images of the ACL were subsequently rotated and
magnified for comparison with the sonographic images.
Another subject (a 26-year-old man) with a meniscus
tear but normal ACL was examined by arthroscopy andFig. 3 Magnetic resonance imaging and sonographic images of an
(A,B) Magnetic resonance imaging and (C,D) sonographic images o
ACL. (E,F) Dynamic sonographic image of the ACL when individuals
indicate intact ACL with diameter of 6.4 mm. (B) Black arrow ind
white arrowheads is the intact ACL appearing as a hypoechoic ban
appearance. (E) The soft tissue above the ACL moves in the op
(F) The soft tissue above the ACL moves in the same direction as
P Z patella; T Z tibia.a portable ultrasound (Samsung Medison, Seoul, South
Korea) in the operating room. A linear transducer (LN5-12,
5e12 MHz) was applied and a Kelley was placed in the
middle of the ACL under arthroscopic guidance. The metal
part of the Kelley, which strongly reflected the ultrasound
waves, could be visualized easily in the ultrasound image.
Therefore, we were able to identify the exact location of
the ACL on the sonograms.individual with a ruptured left anterior cruciate ligament (ACL).
f a subject with (A,C) an intact right and (B,D) a ruptured left
rotate their tibia internally or externally.(A) Black arrowheads
icates ruptured ACL with a thinner diameter. (C) Between the
d. (D) White star indicates ruptured ACL with a heteroechoic
posite direction to the ACL movement in normal individuals.
the ACL movement in individuals with a torn ACL. F Z femur;
Normal Anterior Cruciate Ligament Sonography 19We also performed ultrasound examinations of the ACLs
of 33 normal right knees in 33 individuals (11 men and 22
women; mean age, 31.16  10.27 years; age range, 20e70
years) to measure: (1) the anteroposterior (thickness) of
the ACL perpendicular to the long axis of the ligament; and
(2) the perpendicular depth from the margin of the tibia
plateau to the insertion of the ACL (tibia depth) to confirm
our study results. The ACL thickness and tibia depth were
measured three times by an examiner and the mean values
were recorded as the mean  standard deviation in mm.
Results
On MRI, the ACL appeared as a solid band of uniform low
signal intensity 6.1 mm in diameter in one normal individual
(Fig. 2A). The sonographic appearance of the ACL was
a hypoechoic band with a diameter of 7.3 mm in the same
person (Fig. 2C).
In the person with a chronic left ACL tear caused by bas-
ketball injury that was not repaired, the right ACLwas intact,
with a diameter of 6.4 mm on MRI and 6.5mm on sonographic
images. The residual left ACL seen in the MRI, however,
appeared as a heterogeneous substance in the sonography
(Fig. 3AeD). The stump of the torn ACL could not be moved
smoothly when the subject tried to rotate his tibia internally
or externally inadynamic study. The soft tissueabove theACL
moves in theopposite direction relative to theACLmovement
in normal individuals (Fig. 3E). However, the soft tissue above
the ACL moves in the same direction relative to the ACL
movement in those with a torn ACL (Fig. 3F).
Then, we surgically placed one Kelley at the middle of
the ACL of one normal individual under arthroscopic guid-
ance (Fig. 4A) and subsequently identified the exact loca-
tion of the ACL by portable ultrasound. The sonography
showed a hypoechoic band with a diameter of 9.8 mm
attached to the tibia and a hyperechoic metal tip in the
middle of the ligament (Fig. 4B).
The same findings were observed by sonography for 33
normal right knees of 33 individuals. We detected a hypo-
echoic band attached to the intercondylar eminence of the
tibia 8.30  1.46 mm (tibia depth) perdendicularly inferior
to the tibia plateau with a diameter of 11.00  1.24 mm
(Fig. 5).Fig. 4 Arthroscopic and sonographic image of an intact anteri
Sonographic image of an intact ACL under arthroscopic guidance. Be
indicates the Kelley. P Z patella; T Z tibia.Discussion
In this study, we have described a direct method for
observing the ACL by ultrasound and have confirmed this
method by means of an arthroscopic study in situ. This is
also the first study to describe the ACL diameter using ul-
trasound. The earliest report of ultrasound observation of
the ACL was a failed attempt performed by Rohr in 1985 [9].
Jerosch et al (1989) and Tran et al (1987) stated that it was
impossible to directly visualize the ACL [6]. However, in
1991, Suzuki et al achieved this using an anterior approach
with the knee joint flexed more than 90 during maximal
internal rotation. The authors described a hyperechoic
band when the transducer was held parallel to the fibers of
the ACL by using a pad [6]. However, this result was
debatable and was not proven by arthroscopy in situ. The
MRI data in our study indicated that a greater than 90
flexion of the knee is not required to provide an adequate
window for ultrasound observation of the ACL.
The ACL is composed of two major fiber bundles, the
anteromedial (AM) and posterolateral (PL) bundle. When
the knee is extended, the PL bundle is tight and the AM
bundle is moderately lax. As the knee is flexed, the AM
bundle tightens and the PL bundle relaxes [10]. We were
unable, however, to differentiate these two bundles in the
sonographic examination. The superior border of the ACL in
sonography may be the image of the AM bundle because the
AM bundle is nearer to our transducer. The mean diameter
of the anterior cruciate ligament in our study was
8.30  1.46 mm. In the previous study, Cohen et al reported
that the AM bundle was 5.1  0.7 mm and the PL bundle
was 4.4  0.8 mm in width in an MRI study [11]. The sum-
mation of the AM and PL bundles was approximately 10 mm
and was comparable with our result. In our study, the mean
perpendicular depth from the margin of the tibia plateau to
the insertion of the ACL was 11.0  1.24 mm, whereas the
previous MRI study conducted in Chicago revealed that the
anterior insertion of the native ACL was located at a mean
of 14  3 mm from the anterior tibial articular margin [12].
The ACL may be hidden beneath the soft tissue and is not
detected easily by ultrasound; therefore a dynamic study in
which the individual rotates his or her tibia internally or
externally could help the examiner detect the ligament.or cruciate ligament (ACL). (A) Arthroscopic ACL image. (B)
tween the black and white arrowheads is the ACL; white arrow
Fig. 5 The illustration of sonographic image of an anterior
cruciate ligament (ACL). aZ anteroposterior (thickness) of the
ACL perpendicular to the long axis of the ligament;
b Z perpendicular depth from the margin of the tibia plateau
to the insertion of the ACL (tibia depth); PZ patella; TZ tibia.
20 P.-T. Chen et al.The ligament frequently appeared as a hypoechoic band
but was sometimes hyperechoic when in motion. In contrast
to the soft tissue above the ACL that moved unrelated to
the tibia position, the ACL was consistently attached to the
tibia.
In addition, three pathological findings for detecting
tears of ACLs using indirect methods, including a hypo-
echoic lesion at the femoral insertion of the ACL (sensi-
tivity, 0.91; specificity, 0.8), protrusion of the posterior
fibrous capsule (sensitivity, 0.77; specificity, 0.68), and S-
shaped thickening of the posterior cruciate ligament (sen-
sitivity, 0.65; specificity, 0.71) remained valuable in acutely
injured knees because the patients could barely flex their
knees during the acute stage [13,14].
Our proposed method is practical and easy to perform
during routine ultrasound examination of the knee joint.
However, we were only able to observe the part of the ACL
near the tibia side and not the entire segment of the ACL.
Therefore, this technique may only be useful for routine
examination of normal individuals or chronically injured
patients who can flex their knees to about 90.
Conclusions
We found that it is possible to directly examine the ACL by
ultrasound when the patients flex their knees approx-
imately 90 and the examiner places the probe at the infra-
patellar region. The ACL appeared as a hypoechoic band
attached about 11 mm inferior to the tibia plateau and the
intercondylar eminence. This method of examination can
be used for routine examination of the knee joint. Further
studies are necessary to define the sonographic appearance
of chronically ruptured or repaired ACLs.Author contributions
PTC carried out the examinations and also drafted the
manuscript. WSC, CHW, CWY, JHW and TGW coordinated
and helped to draft the manuscript. WSC and TFS conceived
of the study. All authors read and approved the final
manuscript.Acknowledgments
We thank Ming-Ten Hsiao, Yi-Chian Wang, and Chia-Chuan
Wang for technical support.References
[1] Beynnon BD, Johnson RJ, Abate JA, et al. Treatment of
anterior cruciate ligament injuries, Part I. Am J Sports Med
2005;33:1579e602.
[2] Daniel DM, Stone ML, Dobson BE, et al. Fate of the ACL-injured
patient: a prospective outcome study. Am J Sports Med 1994;
22:632e44.
[3] Arendt E, Dick R. Knee injury patterns among men and women
in collegiate basketball and soccer: NCAA data and review of
literature. Am J Sports Med 1995;23:694e701.
[4] Hootman JM, Dick R, Agel J. Epidemiology of collegiate in-
juries for 15 sports: summary and recommendations of injury
prevention initiatives. J Athl Train 2007;42:311e9.
[5] Pujol N, Bianchi MP, Chambat P. The incidence of anterior
cruciate ligament injuries among competitive alpine skiers:
a 25-year investigation. Am J Sports Med 2007;35:1070e4.
[6] Skovgaard Larsen LP, Rasmussen OS. Diagnosis of acute rup-
ture of the anterior cruciate ligament of the knee by sonog-
raphy. Eur J Ultrasound 2000;12:163e7.
[7] Suzuki S, Kasahara K, Futami T, et al. Ultrasound diagnosis of
pathology of the anterior and posterior cruciate ligaments of
the knee joint. Arch Orthop Trauma Surg 1991;110:200e3.
[8] Heron CW. Review article: MRI of the knee. Br J Radiol 1993;
66:292e302.
[9] Schwarz W, Hagelstein J, Minholz R, et al. Manuelle Sonome-
trie des Kniegelenks-Eine praxisnahe Methode zur Diagnostik
der frischen Ruptur des vorderen Kreuzbandes. Unfallchirurg
1997;100:280e5.
[10] Petersen W, Zantop T. Anatomy of the anterior cruciate liga-
ment with regard to its two bundles. Clin Orthop Relat Res
2007;454:35e47.
[11] Cohen SB, VanBeek C, Starman JC, et al. MRI measurement of
the 2 bundles of the normal anterior cruciate ligament. Or-
thopedics 2009;32:728e35.
[12] Frank RM, Seroyer ST, Lewis PB, et al. MRI analysis of tibial
position of the anterior cruciate ligament. Knee Surg Sports
Traumatol Arthrosc 2010;18:1607e11.
[13] Chylarecki C, Hierholzer G, Tabertshofer H. Sonographische
Kriterien der frischen Ruptur des vorderen Kreuzbandes
Anatomisch-experimentelle und klinische Studie. Unfallchir-
urg 1995;21:109e17.
[14] Ptasznik R, Feller J, Bartlett J, et al. The value of sonog-
raphy in the diagnosis of traumatic rupture of the anterior
cruciate ligament of the knee. Am J Roentgenoly 1995;164:
1461e3.
